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In order to dissect the pathogenesis of Cryptococcus neoformans meningoencephalitis, a genomic survey of the changes in gene
expression of human brain microvascular endothelial cells infected by C. neoformans was carried out in a time-course study.
Principal component analysis (PCA) revealed signiﬁcant ﬂuctuations in the expression levels of diﬀerent groups of genes during
the pathogen-host interaction. Self-organizing map (SOM) analysis revealed that most genes were up- or downregulated 2 folds or
moreatleast atonetimepointduringthepathogen-hostengagement. ThemicroarraydatawerevalidatedbyWestern blotanalysis
of a group of genes, including β-actin, Bcl-x, CD47, Bax, Bad, and Bcl-2. Hierarchical cluster proﬁle showed that 61 out of 66 listed
interferon genes were changed at least at one time point. Similarly, the active responses in expression of MHC genes were detected
at all stages of the interaction. Taken together, our infectomic approaches suggest that the host cells signiﬁcantly change the gene
proﬁles and also actively participate in immunoregulations of the central nervous system (CNS) during C. neoformans infection.
Copyright © 2008 Ambrose Jong et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1. INTRODUCTION
The major challenge posed by infectious diseases is to holis-
tically and integratively understand the fundamental issues
of how infectious agents and human hosts interact during
microbial infection.Host-microbe interactions in the patho-
genesis of infectious diseases are dynamic and complex pro-
cesses [1] which result in changes in whole genome expres-
sion proﬁles of microbial pathogens and their hosts. A new
disciplinecalledinfectomics[1]becameestablishedwhenthe
recently developed high-throughput omic approaches and
computational tools were combined with the conventional
approaches for the study of infectious diseases. Infectomes
are detailed maps of microbial infections, and the availabil-
ity of whole genomes of many living organisms paves the
way for their holistic and integrative study. Infectomics can
be deﬁned as the study of infectomes, which are encoded by
genomes of microbes and their hosts. Microarray has been a
powerful tool to monitor infectomes in microorganisms and
their host responses during microbial infection.
Infection by Cryptococcus neoformans has increased con-
siderably over the past few years [2–4]. Dehydrated haploid
yeast or basidiospore of C. neoformans is the usual form of
inhalation [3, 5]. The organisms are likely to spread hemato-
geneously to extrapulmonary tissues and show a remarkable
propensity in spreading to the brain and meninges, where
life-threatening meningoencephalitis develops [2, 6, 7]. In
order to cause meningoencephalitis, C. neoformans must
penetrate the blood-brain barrier (BBB), which is a bar-
rier between blood circulation and the brain parenchyma.
BBB mainly consists of brain microvascular endothelial cells
(BMECs), which are responsible for maintaining the bio-
chemical homeostasis within the central nervous system
(CNS) [8–10]. BMEC has been established as an in vitro cell
culture model for dissecting the underlying mechanism(s)
whereby C. neoformans crosses the BBB. We have recently2 Journal of Biomedicine and Biotechnology
demonstrated that C. neoformans are able to alter the cy-
toskeleton of human brain microvascular endothelial cells
(HBMECs) [11]. We have also identiﬁed and characterized
a C. neoformans capsule gene, CPS1 [12]. This demonstrated
thatCPS1encodeshyaluronicacidsynthase.Theaboveinfor-
mation suggested that C. neoformans hyaluronic acid (HA)
plays a role as an adhesion molecule during the yeast entry.
It also suggested that host cell factors are required for C. ne-
oformans HA-binding and the pathogen entry into HBMEC
[12].
Like many other pathogens, C. neoformans may manipu-
latethehostsystemtofacilitateitsinvasion.Theinvestigation
of virulence of the pathogen C. neoformans and the study of
the responses from HBMEC are equally important in the un-
derstanding of the complex invasion process. A more com-
prehensive knowledge of the interplay between the host and
microbial pathogen at the levels of genome expression pro-
ﬁles is central to the understanding of the pathogenesis of in-
fectious diseases. In order to dissect the pathogenesis of this
disease, we have combined the infectomic approach with the
in vitro model of the BBB to monitor gene expression pro-
ﬁles of HBMECs infected with C. neoformans. These studies
provide global and useful information for building a com-
prehensive framework to interpret C. neoformans pathogenic
processes.
2. MATERIALS AND METHODS
2.1. Culturesofyeastsandhumanbrainmicrovascular
endothelialcells(HBMECs)
C.neoformansstrainB3501wasusedforthisstudy[11].Yeast
c e l l sw e r eg r o w na e r o b i c a l l ya t3 0
◦C in the rich YPD broth
containing 1% yeast extracts, 2% peptone, and 2% dextrose.
Cellswereharvestedatearlylogphase,washedwithPBS,and
resuspended in Ham-F12/M199 (1:1; v:v) and 5% heat inac-
tivated fetal bovine serum (FBS) (experimental medium).
The HBMEC culture was prepared as described previ-
ously [11, 13]. Brieﬂy, the HBMEC cultures were main-
tained in RPMI 1640 medium including 10% FBS and 10%
NuSerum (BD Biosciences, Bedford, MA, USA) at 37
◦Ci n
a humid atmosphere of 5% CO2 as described above. For
the preparation of interactive cultures for microarray anal-
ysis, the HBMEC were grown in collagen-coated 24 well tis-
sue culture plates (Costar Corp, Cambridge, MA, USA) until
conﬂuency. An inoculum of 106 yeast cells in 1mL experi-
mental medium was added. C. neoformans B3501 was incu-
bated with HBMEC at 37
◦C and harvested at 0, 4, 8, 12, 16,
20, 24 hours. One-tenth of cell pellets were saved for Western
blots and the rest were subjected to the RNA extraction for
making the probes.
2.2. PreparationofthebiotinylatedcRNA
formicroarray
Total RNA was preparedusing TRIZOL reagent (Invitrogen,
Calif, USA), and subjectedto isolation of poly(A)+ RNA
using the Oligotex-dT30 mRNA puriﬁcation kit (TaKaRa
Shuzo Co., Kyoto, Japan) according to the manufacturer’s in-
structions. The biotinylated cRNA probe was prepared using
the RNA Transcript labeling kit (Enzo Biochem, Farming-
dale, NY, USA) according to the manufacturer’s instructions.
The quality of the probe was ﬁrst examined with 1% agarose
gel, showing the bands between 0.5 ∼ 1.5kb, peaking at
around 0.75kb. An aliquot of biotinylated cRNA probes was
thenexaminedbytheAﬀymetirxtestchips.Internalcontrols,
G3PDH and β-actin, on the test chip were measured to eval-
uate the biotinylated probes. Only high-quality cRNA probes
were used to hybridize with DNA microarray HU95A chips
(12,809 gene spots in ∼1.64cm2 ﬁlters). After hybridization,
the HP GeneArray scanner was used to analyze the patterns
of gene expression.
2.3. Microarrayanalysis
B i o t i n y l a t e dc R N Ap r o b e sw e r ep r e p a r e df r o m1 0 μgo f
poly(A)+ RNA. Hybridization and ﬂuorescence detection
were performed according to the manufacturer’s instruc-
tions. Images were analyzed with GeneSpring, Genetrix soft-
wares. Three clustering approaches were used in this study
as follows. (a) Hierarchical clustering where the data points
were organized in a phylogenetic tree in which the branch
lengths represent the degree of similarity between the val-
ues. (b) Self-organizing maps (SOMs) that was a nonhier-
archical clustering approach. Using this algorithm, gene ex-
pression data were transformed into vectors or coordinates
in an n-dimensional space, where n equals the number of
variables or time points. (c) Principal-component analysis
(PCA) that was used to obtain a simpliﬁed visualization of
entire datasets.
2.4. Westernblotanalysis
Protein concentration was determined by Bio-Rad protein
assay and equal amounts of protein were used from diﬀer-
ent time point samples. SD S-PAGE sample buﬀer (50mM
Tris-HCl pH 6.8, 10% β-mercaptoethanol, 2% SD S, 0.1%
bromophenol blue, 10% glycerol) was added to the sam-
ples and they were boiled in a water bath for 10 min-
utes. 2μg of total cell extracts were separated on homoge-
neous 12.5% PhastGel (Phastsystem, Amersham Pharmacia
Biotech, NJ, USA) with SDS buﬀer strips according to man-
ufacturers instructions with subsequent transfer to PVDF
membrane for 40 minutes. The membrane was blocked by
0.5% blocking solution (skim milk-based), incubated with
anti-Bcl-2 antibody, anti-Bad antibody, anti-Bcl-x antibody,
anti-Bax antibody (Transduction Laboratories, Calif, USA),
anti-CD47antibody(LabVision,Calif,USA),oranti-β-actin
antibody (Chemicon Interna-tional, Calif) at 25oC followed
by incubation with peroxidase-coupled secondary antibody
( K i r k e g a a r dP e r r yL a b o r a t o r i e s ,M d ,U S A )a n dd e t e c t e db y
the ECL-enhanced chemiluminescent system (Boehringer
Mannheim, Germany).
3. RESULTS
3.1. KineticsofgeneexpressionofHBMECshowing
theprogressionofgeneproﬁlechangesduring
C.neoformansinfection
Microbial invasion is a complex and dynamic process.
We performed a time-course study to examine the geneAmbrose Jong et al. 3
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Figure 1: Gene expression proﬁles during C. neoformans infection;
microarray analysis of mRNA levels was assessed at 0, 4, 8, 12, 16,
20, and 24 hours after C. neoformans incubation. Time points are
represented by columns, and genes in rows. Red, green,a n dblue
represent the higher, equal, and lower mRNA level relative to that
of zero time point. A hierarchical clustering analysis of genes with
expression levels that changed during C. neoformans and HBMEC
interactions was performed. The distance among infectomic pro-
ﬁles of HBMEC is shown. Each lane represents a result form a gene
chip. Genes with high intensity reading are shown in bright colors;
genes with low intensityreading are in dim colors (grey) so they can
be distinguished during analysis.
expression proﬁles in HBMEC during C. neoformans infec-
tion. We selected C. neoformans strain B3501 for this study
because the genomic sequence of this strain has been com-
pleted. In addition, we have used this strain for in vitro ad-
hesion and transcytosis studies on HBMEC [11, 13]. It is an
encapsulated strain with moderate adhesion activity to HB-
MEC, which was used as the in vitro model of BBB. A spec-
trum of 24 hours would allow us to evaluate its eﬀect on
HBMEC. Poly(A)+ RNAs derived from the incubated HB-
MEC at 0, 4, 8, 12, 16, 20, or 24 hours after B3501 incuba-
tion were subjected to the RNA extraction and the prepara-
tion of the biotinylated cRNA probe. The prepared probes at
diﬀerent time points were hybridized with biochip, individ-
ually. We used an Aﬀymetric HU95A microarray chip har-
boring 12,559 human clones, facilitating eﬃcient detection
of changes in gene expression in the host cells. The expres-
sion levels were measured and analyzed by the GeneChip
program. In a hierarchical clustering, the closet pair of ex-
pression values is grouped and the data points are organized
in a phylogenetic tree in which the branch lengths represent
the degree of similarity between the values. The mRNA pro-
ﬁles of HBMEC, assessed at 0, 4, 8, 12, 16, 20, and 24 hours
after C. neoformans incubation, are shown in Figure 1.
These 12,559 gene patterns were classiﬁed into two ma-
jor clusters (Clusters 0–12 hours and 16–24 hours) by using
the GeneSpring software. Rapid changes in gene proﬁles at
an early time point are followed by a gradual alteration un-
til the 12-hour time point. Of interest, the gene patterns of
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Figure 2:Comparisonofresultsobtainedwithmicroarrayandpro-
tein blot analysis for changes in protein levels during C. neoformans
infection. Protein levels at various time points (top panel)r e l a ti v et o
the mRNA levels in microarray analysis (bottom panel)a r es h o w n
for the following genes: (a) β-actin, (b) Bcl-x, (c) CD47, (d) Bax,
(e) Bad, and (f) Bcl-2. The relative scales of the mRNA expression
are indicated on the y-axis.
the last three time points were similar, yet more distal re-
lated to the early gradual changes of gene proﬁles (0 to 12
hours). At these time points (16, 20, 24 hours), the gene pro-
ﬁ l es e e m st or e a c hap l a t e a u .T h eH B M E Ci sah o m o g e n e o u s
cell culture. The changes in the gene expression proﬁles are
not due to the heterogeneity of cell cultures. The perturba-
tion of gene expression proﬁles is most likely due to the pres-
ence of C. neoformans. Overall, the hierarchical clustering
analysis of the mRNA levels reveals a sequential change in
HBMEC infected with C. neoformans. The overall proﬁle was
alteredmoreprominentlyattheinitialstageofthepathogen-
host interaction and subsequently persistent expression.
3.2. Comparisonofgeneexpressionproﬁles
fromthemicroarrayandproteinlevelsfrom
Westernblotanalyses
To determine the validity of results obtained by the microar-
rayanalysis, some genes were subjected to Western analy-
sis. These genes included β-actin, Bcl-x, CD47, Bax, Bad,
and Bcl-2 (see Figure 2). They were chosen for blot analy-
sis because their protein levels were variable and the aﬃnity
of commercially available antibodies. For example, β-actin
mRNA and protein levels are maintained in a constant level4 Journal of Biomedicine and Biotechnology
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Figure 3: PCA of HBMEC proﬁles after C. neoformans infection;
microarray data were analyzed by the GeneSpring software to clas-
sifythegeneexpressionpatterns.Sevenmajorgeneproﬁleswereob-
tained as shown in diﬀerent color. The major groups (PCA groups
no.1 and no.2) are indicated in the graph, which contain more than
50% of total analyzed genes.
at all time points, whereas CD47 mRNA and protein level
increase to the 8 hour and then decline back to the normal
levels. In general, the protein levels of these genes were ex-
pressed in varied degrees, and the protein expression proﬁles
were comparable between microarray and protein analyses
(see Figure 2). The results validated the competency of the
microarray analysis for detection of changes in gene expres-
sion in HBMEC during C. neoformans infection.
3.3. Principalcomponentanalysis(PCA)ofHBMEC
geneproﬁlesduringC.neoformansinfection
In order to obtain a global grouping of gene proﬁles, we ex-
amined the PCA grouping of mRNA from HBMEC. PCA
was a useful linear approach for obtaining a simpliﬁed visu-
alization of entire datasets, without losing experimental in-
formation (variance). PCA allowed the dimension of com-
plex data to be reduced and the most relevant features of a
given dataset (transcriptome) to be highlighted. It was use-
ful for our kinetic studies because it was possible to describe
trends that were, otherwise, irretrievably by a direct exam-
ination of the entire dataset. The gene ﬂuctuation could be
classiﬁed into 7 major groups. The major group (PCA group
1)contained4155genes(33.08%oftotalanalyzedgenes)and
the PCA group 2 contained 3129 genes (24.92% of total an-
alyzed genes) (see Figure 3). Thus, these two groups repre-
sented more than 50% of HBMEC mRNAs. The gene pro-
ﬁle of PCA group 1 showed a very slightly increase at 8 and
12 hours, and then a rapid decline. On the other hand, the
PCA group 2 showed a gradual decline till 8 hours and then
bounced back to near the original levels.These two proﬁles
were nearly a mirror image.The results suggested that HB-
MEC altered its mRNA levels or adjusted its physiological
status in response to the pathogen invasion.
3.4. Geneexpressionproﬁlesatdifferenttime
pointsinHBMECanalyzedbytheself-organizing
maps(SOM)
Theinterpretationofsystemcomplexityisthemostchalleng-
ing task of biology in this century. The analysis of complex-
ity in biological systems might start from a simpliﬁed rep-
resentation of static gene networks and then move to an in-
creasinglywell-deﬁnedandintegrateddescriptionofbiologi-
calphenomena,bearinginmindthatonlydynamicnetworks
willexplainrealityadequately.Anexampleofanonhierarchi-
cal clustering method is SOM. As SOM solves diﬃcult high-
dimensional and nonlinear problems. Using this algorithm,
gene expression data are transformed into vectors or coordi-
nates in an n-dimensional space, where n equals the number
of variables or time points. Gene proﬁles of HBMEC postin-
fection at 7 time points (0, 4, 8, 12, 16, 20, 24 hours) were
analyzed by SOM (7 × 6) (see Figure 4). Upper bound (4.0),
normal (1.0), and lower bound (0.0) were shown. The dy-
namic of gene expression during pathogen-host interaction
can be clearly observed (see Figure 4). The use of SOM for
grouping of diﬀerent proﬁles greatly facilitates further anal-
ysis.
3.5. Persistentlyupregulatedanddown-regulated
genesduringC.neoformansinfection
Despites signiﬁcant ﬂuctuation of gene expression proﬁles in
most HBMEC genes in response to C. neoformans infection,
there were some genes that were upregulated or downregu-
latedpersistentlyduring24hoursperiod.Oneexampleofthe
upregulated genes was the cytochrome P450 gene which was
continuously upregulated through the course of infection. A
similar gene proﬁle could be found and grouped, for exam-
ple, genes that had a correlation at least 0.95 to the expres-
sion proﬁle of cytochrome P450 were deﬁned as upregulated
genes (see Figure 5(a)). In the same manner, downregulated
genes were grouped, in which genes that had a correlation at
least 0.95 to the expression proﬁle of troponin I type 3 gene
TNNI3 (see Figure 5(b)).
3.6. InducedﬂuctuationofinterferonsandMHCgroup
genesduringC.neoformansinfection
We have performed the hierarchical and gene tree analy-
ses to test whether the interferon genes and MHC-related
genes were ﬂuctuation during C. neoformans infection. The
group of interferon-related genes (66 genes) was clustered
based on their expression level (see Figure 6). Most genes
were ﬂuctuated during the course of infection, suggesting in-
terferon played a role in the innate immune response to C.
neoformans. Many infectious microbes induced expression
of chemokines and adhesion molecules in human endothe-
lial cells. Previous studies of the expression of IL-8, INF-γ-
inducible protein-10 (IP-10), MCP-1, and the leukocyte lig-
and ICAM-1 in primary HUVEC revealed that C. neofor-
mans had the ability to interfere with inﬂammatory signal-
ing in human endothelial cells, and suggested that C. neo-
formans might induce leukocyte activation and traﬃcking inAmbrose Jong et al. 5
Figure 4:InfectomicproﬁlesofC.neoformans-infectedHBEMCusingSOManalysis.GeneproﬁlesofHBMECpostinfectionat7timepoints
(0, 4, 8, 12, 16, 20, 24 hours) (x-axis) were analyzed by SOM (7 x 6). Upper bound (4.0), normal (1.0), and lower bound (0.0) were shown
(y-axis).
the infected host (HUVEC) [5, 6]. Our results showed that
IL-1 increased slightly, while MCP-1 did not change signif-
icantly. No changes in IP-10 and ICAM-1 expressions were
observed in this chip. The TNF-α proﬁle was also increased,
though quite late, during the infection. Similarly, the expres-
sion of a group of MHC genes including 29 of those in MHC
II class was ﬂuctuated (see Figure 7). Although some genes
were listed but not expressed, our results suggested that en-
dothelialcellscontributedtothehostimmuneresponsetoC.
neoformans infection. Taken together, HBMEC is not a pro-
fessionalimmunecell;however,theﬂuctuationintheexpres-
sion of interferons and MHC genes suggests that the innate
immune systems are activated during the pathogen invasion.
4. DISCUSSION
ThecurrentworkdemonstratestheuseofcDNAmicroarray-
based infectomic approach to characterize transcriptomes in
HBMEC infected with the meningitic pathogen C. neofor-
mans. Like most of meningitic pathogens, the penetration
across the BBB that is constituted by BMEC is required for
the pathogenesis of the CNS infection caused by C. neofor-
mans [6, 14]. Our study represents the ﬁrst investigation of
the holistic transcriptional response of the in vitro BBB cell
system in response to C. neoformans infection. A total of
12,559 human genes have been analyzed in this study, and
distinct alterations in HBMEC gene expression have been
observed at 4, 8, 12, 16, 20, and 24 hours of infection. Sig-
niﬁcant changes in the transcriptional infectomes were ob-
served in HBMEC infected with C. neoformans.T h i sa p -
proach was used to deﬁne the infectomic proﬁles of HBMEC
infected with C. neoformans for a series of time points, thus,
evaluating the dynamic changes in gene expression proﬁles
and inﬂammatory factors in the host response to this fun-
gal pathogen. The data were analyzed with several cluster-
ing analyses. In a hierarchical clustering analysis, the gene
expression patterns at diﬀerent time points displayed a pro-
gressive change of gene proﬁles. The ﬁrst three incubated
time points were clustered, and showed more drastic changes
at initial engagement between C. neoformans and HBMEC
(4 hours). The gene partners of the latter time points (16,
20, 24 hours) were clustered together, indicating the alter-
nations reached to a plateau. Microarray analysis has been
used for monitoring host gene expression proﬁles from other
pathogen invasion studies, such as HIV-1. Many of the re-
sults were to compare the data pre- and post- infections. Our
studies revealed that pathogen invasions are multifaceted
and dynamics. A time point study is necessary to monitor
the alterations. In a nonhierarchical analysis SOM, the two-
dimensional space map displayed diﬀerent expression pro-
ﬁles form 12,559 genes into 42 groups. One interesting ﬁnd-
ing deﬁned by PCA is that one group of genes with grad-
uate reduction in expression (∼33% of total genes) accom-
panied with another group of genes showing gradually in-
creased expression proﬁle (∼25% of total genes). The al-
ternative changes in the two major groups (1 and 2) are
shownasamirrorimage(seeFigure 3).Thebiologicalmech-
anism and signiﬁcance of the expression proﬁle changes in6 Journal of Biomedicine and Biotechnology
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Figure 5: The upregulated and downregulated gene proﬁles of HB-
MEC during C. neoformans infection. (a) Upregulated genes (left
chart): cytochrome P450 gene was continuously upregulated dur-
ing the course of infection. Genes that have correlation at least 0.95
to the expression proﬁle of cytochrome P450 are grouped and de-
ﬁned as upregulated genes. (b) Downregulated genes (right chart):
TNNI3 gene was continuously downregulated during the course of
infection. Genes that have correlation at least 0.95 to the expression
proﬁle of TNNI3 are grouped and deﬁned as downregulated genes.
the pathogenesis of C. neoformans infection remain to be de-
ﬁned.
Most interestingly, the group of interferon-related genes
(66 genes) was clustered based on their expression level. The
expression of most genes ﬂuctuated during the course of
infection, suggesting that interferons play a role in the in-
nate immune response to the pathogen. The expression of 29
MHC II class also ﬂuctuated. Though some genes were listed
but not expressed, the results suggested that endothelial cells
contributed to the host immune response to C. neoformans
infection. Many infectious microorganisms induced expres-
sion of chemokines and adhesion molecules in human en-
dothelialcells.StudiesofthegeneexpressioninprimaryHU-
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Figure 6: Hierarchical cluster of interferon 66 gene tree. Diﬀerent
expression of 66 interferon-related genes were analyzed by Gene
Tree program. The expression of more than two thirds (red and
blue) was changed, and about one third of the genes were not ex-
pressed (green).
VEC revealed that C. neoformans had the ability to interfere
with inﬂammatory signaling in human endothelial cells, and
suggestedthatC.neoformansmaylaterinduceleukocyteacti-
vationandtraﬃckingintheinfectedhost(HUVEC)[15,16].
Our results also showed that expression of interferon-related
genes and MHC group genes are changed during C. neofor-
mans infection. Collectively, the ﬂuctuation in the expres-
sion of innate-related genes suggests that C. neoformans,l i k e
other microbial pathogens, is able to induce expression of
chemokines and other innate genes.
The BBB has been considered an immunologically inac-
tive organ as there are few antigen-presenting cells present in
the CNS and the presence of the tight junction was thought
to prevent the entry of immune cells from the peripheral cir-
culations into the CNS [8]. However, increasing number of
studies indicate that the endothelium of the BBB constitutes
a dynamic and immunoactive interface between the blood
and the CNS that can be modulated by endogenous factors
such as bradykinin and cytokines, as well as exogenous fac-
tors including meningitic pathogens and their products [17].
Alterations in the BBB function are critical for the develop-
ment of CNS infection including cryptococcal meningoen-
cephalitis. It has been learnt about the immune response to
cryptococcal infection from both in vitro and in vivo stud-
ies with the focus on immune cells [6, 18]. The immune re-
sponse to C. neoformans infection was observed as one of the
most interesting changes.
5. CONCLUSION
In summary, the current infectomic studies with a genome
survey of C. neoformans-induced host response in HB-
MEC provide global information for the pathogenesis of the
CNS infection caused by this fungus. Similar conclusionsAmbrose Jong et al. 7
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Figure 7: Gene tree of MHC genes ﬂuctuated during C. neoformans
infection: expression proﬁles changes in HBMEC are observed. A
subgroup of the proﬁle with MHC class genes was selected and sub-
jected to Gene Tree analysis using GeneSpringTM software. The al-
ternations of gene expression in this group suggested that innate
immune contributes to C. neoformans infection.
were reached when analyzing the microarray data with two
complementary approaches, PCA and SOM. However, PCA
works well in problem spaces that are linearly separable.
SOM solves diﬃcult high-dimensional and nonlinear prob-
lems. Most importantly, our study demonstrates for the ﬁrst
time that the BBB can actively participate in immune re-
sponse to cryptococcal infection by regulating the expression
of interferons, MHC and cytokines. It suggests that the BBB
is not only an impermeable cellular barrier but also consti-
tutes an immunoactive interface between the circulatory sys-
tem and the CNS and that can be modulated by meningitic
pathogens such as C. neoformans. Further insight into the
role of the BBB in the pathogenesis of microbial meningitis
and immunoregulation of the host defense against menin-
gitic pathogens will gain a global view of the CNS infection
and oﬀer exciting prospects for advances in the prevention
and therapy of this disease.
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